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TIME SYNCHRONIZING SYSTEM 

BACKGROUND OF THE TNVENTTON 
Field of the invfintinn 

The present invention relates to a time synchronizing 
system for unifying the time between a plurality of distributed 
control oriented terminal devices. 
Related Background Arr 

Generally, what is dominant among a variety of plant 
monitor control systems is a distributed control system that 
includes, with developments of a microcomputer and a signal 
transmission technology, a plurality of terminal devices 
connected to each other via transmission lines. Further, in this 
type of monitor control system, an occurrence time data when a 
state change is added to various categories of input data given 
from the plant and recorded, and the state is thus displayed. 

When the plant data received from the plant are transmitted 
to other terminal device via the transmission line from one 
terminal device, it is required that the time data be added. 

In the terminal device receiving first the input data, when 
a time signal is added when in a state variation of the input 
data, time synchronization as precise as a required time 
resolution or higher needs to be taken between the terminal 
devices, and the prior art involves the use of transmission lines 
for connecting the terminal devices or signal lines dedicated 
to the time synchronization. In this case, the system is 
configured as a transmission system that account for the time 
synchronization, or hardware and software dedicated to the time 
synchronization are needed. This might induce a decrease in data 
transmission efficiency and a decline of economical 
characteristic, and might lose a continuity of time because if 
the time itself being rewritten when correcting the time. 

Thus, according to the conventional method of adding the 
time signal to the input data, if a time resolution having a 
accuracy as high as 1 ms is required, a tJume synchronization signal 
process as precise as this resolution or higher needs to be 
executed. Nevertheless, it is difficult to actualize this and 
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ensure the accuracy. 

SUMMARY QF THE INVENTION 

It is a primary object of the present invention, which was 
5 devised to obviate the problems given above, to provide a time 
synchronizing system capable of ensuring a data transmission 
efficiency and exhibiting a high accuracy and a good economical 
characteristic without being aware of a matter of time 
synchronization . 

10 According to one aspect of the present invention a time 

synchronization system comprises a GPS (Global Positioning 
System) receiver for receiving a time signal from a Global 
Positioning System (GPS), and outputting a UTC (Universal Time 
Coordinated) synchronization reference pulse signal 

15 synchronizing with UTC and a UTC synchronization absolute time 
signal composed of a serial signal representing an absolute time, 
and a time signal distributor for generating a reference time 
signal by synthesizing the UTC synchronization reference signal 
and the UTC synchronization absolute time signal, and transmits 

20 this reference time signal in distribution to a plurality of 
distributed control oriented terminal devices. 

With a spread of GPS over the recent years, the time signal 
as highly precise as +1//S with respect to UTC is available 
anywhere on the earth. By utilizing GPS described above, the 

25 pulse signal representing a time synchronization standard and 
the serial time signal representing an absolute time, which 
synchronize with UTC outputted from GPS, are transmitted in 
distribution to the plurality of distributed control oriented 
terminal devices from the time signal distributor, and the time 

30 synchronization between the terminal devices is batchwise taken. 
Hence, according to the present invention, it is feasible to 
easily obtain the reference time signal synchronizing with UTC 
over the world by use of GPS having a general-purposed 
characteristic. Further, the time signal distributor transmits 

35 the reference time to the plurality of terminal devices, thereby 
making it possible to simplify the system and execute a highly 
precise time synchronizing process. 
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The time signal distributor may synchronize a rising edge 
of the UTC synchronization reference signal with UTC, and may 
transmit the time synchronization signal to each of the terminal 
devices with a fixed period. This makes it feasible to attain 
5 an enhancement of the economical characteristic with simplified 
signal lines and a reduction in load of the transmission process. 

The terminal device may include a reference clock 
operating in synchronization with the rising edge of the UTC 
synchronization reference signal, for generating a time 

10 signal representing a time on the finer order than a minimum 
time unit that is processed in the UTC synchronization 
absolute time signal, and an internal clock correction module 
for comparing an internal time value based on the reference 
clock with an external time value synchronizing with the UTC 

15 synchronization reference signal, and correcting the 
reference clock so that the time of the reference clock 
synchronizes with the UTC synchronization reference signal. 
With this architecture, the time signal on the order of second 
or larger involves the use of the absolute time signal given 

20 from the time signal distributor, and the time signal on the 
order of milli second which is not contained in the time signal 
from GPS, can be easily synchronized in time on the unit of 
milli second by matching the internal clock with the reference 
clock synchronizing with UTC, using the absolute time signal 

25 given from the time signal distributor. 

The internal clock correction module may include a module 
for changing a unit delimiting width of the correction, 
corresponding to a magnitude of a time difference. With this 
configuration, when a width of deviation of the internal clock 

30 from the reference clock is smaller than at a start-up of the 
time synchronization target process, the reference pulse 
inputted to the time counter that is used as the internal time 
data is changed, and the time synchronization between the terminal 
devices can be taken with a high accuracy without exerting any 

35 influence upon the time value itself. 

If impossible of receiving the UTC synchronization time 
signals from an internal reference signal generator for 
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generating an internal reference signal synchronizing with the 
UTC synchronization reference signal, an internal absolute time 
signal generator for generating an internal absolute time signal 
equal to the UTC synchronization absolute time signal and the 
5 GPS receiver, the signal synthesizing unit of the time signal 
distributor may generate an internal time signal by synthesizing 
the internal reference signal and the internal absolute time 
signal, and may transmit this internal time signal as a substitute 
for the reference time signal in distribution to the respective 

10 terminal devices. With this contrivance, if unable to receive 
the time signals from the GPS receiver due to some sort of fault, 
the internal time signal generated within the time signal 
distributor is transmitted to each of the terminal devices, 
whereby the time synchronization between the terminal devices 

15 can be kept. 

The time signal distributor, if impossible of receiving 
the time signal from the GPS receiver, may synthesize the internal 
time signal so that the internal reference signal and the internal 
absolute time signal are not overlapped in time. This 

20 contrivance makes it possible to avoid such a state as to lead 
to non-synchronization of the time due to each terminal device 
making a mis-recognition about the time signal. 

The terminal devices may include an internal clock and, 
if unable to receive the reference time signal from the time signal 

25 distributor, may continue a time signal process by use of the 
internal clock. Even if impossible of receiving the reference 
time signal from the time signal distributor due to some sort 
of fault, the time synchronization between the terminal devices 
can be ensured by use of the internal time signal synchronizing 

30 with the internal reference time of each terminal device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram showing a time synchronizing 
system according to the present invention; 
35 FIG. 2 is a block diagram showing a flow of signal 

processing within a time signal distributor; 

FIG. 3 is a diagram showing a structure of a reference time 
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signal generated within the time signal distributor; 

FIG. 4 is a block diagram showing a flow of signal 
processing within a terminal device; 

FIG. 5 is a block diagram showing a flow of signal 
5 processing of a milli second time correction module within the 
terminal device; and 

FIG. 6 is a block diagram showing a flow of time signal 
backup processing within the time signal distributor. 

10 DESCRIPTION OF THE PREFERR ED EMBODIMENTS 

FIG. 1 is a diagram showing a whole architecture of a time 
synchronizing system according to the present invention. The 
system shown in FIG. 1 is constructed of a GPS (Global Positioning 
System) 101, a GPS receiver 102, a time signal distributor 103 
15 and a plurality of distributed control oriented terminal devices 
1041 - 104n. Herein, the terminal devices 1041 - 104n are defined 
as terminal devices for executing the distributed control of, 
e.g., a plant. The GPS receiver 102 receives a UTC 
synchronization reference signal and a UTC synchronization 

2 0 absolute time signal from the GPS 101. Then, the GPS receiver 

102 transmits, to the time signal distributor 103, the UTC 
synchronization reference signal via a pulse signal line 105 and 
the UTC synchronization absolute time signal via a serial signal 
line 106. The pulse signal line 105 is composed of, e.g., a 
25 coaxial cable. The time signal distributor 103 transmits 
reference time signals to the plurality of terminal devices 1041, 
1042,..., 104n via optical signal transmission paths 1071, 1072, 
107n. The optical signal transmission path may be composed 
of, for example, an optical fiber. The terminal devices 1041,..., 

3 0 104n are, though not illustrated, connected in one-to-one 

relationship to plant units 1, n on one hand, and are each 
connected to a host computer on the other hand. These terminal 
devices share the distributed control of the plant units with 
each other. 

35 FIG. 2 shows the time signal distributor 103 in greater 

details. The time signal distributor 103 includes a signal 
synthesizing unit 203. The signal synthesizing unit 203 
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synthesizes the UTC synchronization reference signal 201 
received via the pulse signal line 105 from the GPS receiver 102 
with the UTC synchronization absolute time signal 202 received 
via the serial signal line 106 therefrom, thereby generating a 
5 reference time signal 204. The time signal distributor 103 
transmits the reference time signals 204 in distribution to the 
plurality of the terminal devices 1041 - 104n via the optical 
signal transmission paths 1071 - 107n. 

FIG. 3 is an explanatory diagram showing a function of the 
10 signal synthesizing unit 203 for generating the reference time 
signal 204 . The signal synthesizing unit 203 synthesizes the UTC 
synchronization reference pulse signal 201 having a period P and 
transmitted from the GPS receiver 102 with the UTC synchronization 
absolute time signal 202 consisting of a serial time signal, 
15 thereby generating the reference time signal 204. 

FIG. 4 is an explanatory block diagram showing steps of 
a time synchronizing process of each of the terminal devices 1041 
- 104n (which are hereinafter generically referred to as the 
terminal device 104) for processing the reference time signals 
2 0 204 transmitted from the time signal distributor 103. The 
reference time signal 204 transmitted from the time signal 
distributor 103 is demultiplexed by a signal demultiplexer 301 
within the terminal device 104 into a UTC synchronization 
reference signal 302 and a UTC absolute time signal 303 . The UTC 
25 synchronization reference signal 302 is subjected to a time 
correcting process on the order of milli second in a milli second 
time correcting unit 304 and thus converted into a milli second 
time signal 306. The absolute time signal 303 receives a time 
correction on the order of second or larger in a serial time 
30 correcting unit 305, and is thus converted into a serial time 
signal 307. The two time signals 306, 307 are re-synthesized, 
thereby generating an internal time signal 308 synchronizing with 
UTC. 

FIG. 5 is a block diagram showing the milli second time 
35 correcting unit 304. The milli second time correcting unit 304 
is structured to execute a process for shortening a time required 
from the time synchronizing process within the terminal device 



104. The milli second time correcting unit 304 includes an 
external clock counter 401, a quartz oscillator 402, a reference 
clock 403, a time counter 404, an internal clock counter 405, 
a counter value simultaneous comparing unit 407, a counter value 
error judging unit 407 , an internal clock counter rough adjustment 
unit 408 and an internal clock counter fine adjustment unit 409. 
The external clock counter 401, when receiving the UTC 
synchronization reference signal 302 from the signal 
demultiplexer 301, resets a count value thereof and restarts 
counting. The internal clock counter 405 is reset by the time 
counter 404 used for the same milli second time signal 306 as 
the UTC synchronization reference signal 302. The counter value 
simultaneous comparing unit 406 compares a counter value of the 
external clock counter 401 with a counter value of the internal 
clock counter 402 with a fixed period. The counter value error 
judging unit 407 judges whether an error occurs in the result 
of comparison. 

If the counter value error judging unit 407 judges that 
the error in the result of comparison is large, e.g., 1 ms or 
larger, the internal clock counter rough adjustment processing 
unit 408 for a synchronous correction directly corrects the time 
counter 404 used for the milli second time signal 306, and 
minimizes a time needed for establishing tjjme synchronization 
by executing a process of instantaneously adjusting the time. 
When the error is small, e.g., smaller than 1 ms, the internal 
clock counter fine adjustment unit 409 makes a fine adjustment, 
thus unit 409 serving to minutely change a pulse width of the 
reference clock pulse 403 as a count pulse transmission source 
of the time counter 404 that performs a frequency-division count 
with the quarts oscillator 402 serving as a pulse source, and 
synchronize a value of the milli second time signal 306 used as 
an internal time with the UTC reference time with a minute 
fluctuation without directly writing this value. 

FIG. 6 is a block diagram showing steps of an internal 
process of the time signal distributor 103. If there is normally 
executed a process of taking the UTC synchronization reference 
signal 201 and the UTC synchronization absolute time signal 202 



given from the GPS receiver 102 into the time signal distributor 
103, the signal synthesizing unit 203 synthesizes the UTC 
synchronization reference signal 201 and the UTC synchronization 
absolute time signal 202 received within the time signal 
5 distributor 103, thereby generating a reference time signal 204. 

Herein, the time signal distributor 103 includes a quartz 
oscillator 501, an internal reference signal generator 502 and 
an internal absolute time signal generator 504 in case the receipt 
of the signal from the GPS receiver 102 is interrupted due to 

10 a fault of GPS 101 or a disconnection of the signal cable or a 
cut-off of the power supply, and an abnormality in transmission 
is thereby recognized. The internal reference signal generator 
502, based on an output signal of the quartz oscillator 501, 
generates an internal reference signal 503 used as a substitute 

15 for the UTC synchronization reference signal 201 given from the 
GPS receiver 102. The internal absolute time signal generator 
504 receives the UTC synchronization absolute time signal 202 
from the GPS receiver 102 at a normal time., and generates an 
internal absolute time signal 505 referring to this signal 202. 

2 0 if the UTC synchronization absolute time signal 202 disappears, 
however, the internal absolute time signal generator 504 outputs 
an internal reference signal 505 generated based on the output 
signal of the quartz oscillator 501 . If the receipt of the signal 
from the GPS receiver 102 is interrupted, the signal synthesizing 

25 unit 203 synthesizes the internal reference signal 503 and the 
internal absolute time signal 505 as substitutes for the UTC 
synchronization reference signal 201 and the UTC synchronization 
absolute time signal 202, thereby generating the reference time 
signal 204. Then, the signal synthesizing unit 203 transmits the 

30 reference time signals 204 in distribution to the respective 
terminal devices 104. 

Next, a variety of operational modes carried out by the 
illustrated system, will be explained. 

Referring first to FIGS. 1-4, the GPS receiver 102 

35 receives the signal from GPS 101. The time signal distributor 
103 receives the UTC synchronization reference signal 201 via 
the pulse signal line 105 and the UTC synchronization absolute 



time signal 202 via the serial signal line 106. The time signal 
distributor 103 broadcasts the absolute time signals 202 received 
from the GPS receiver 102 to the respective terminal devices 104 
via the optical signal transmission paths 107. Herein, the 
reference time signals 204 are broadcast to the respective 
terminal devices 104 from the time signal distributor 103. With 
this broadcasting, in each of the terminal devices 104, the UTC 
synchronization absolute time signal from the GPS receiver 102 
is synchronized with the internal time signal 308 of each of the 
terminal devices 104, thereby unifying batchwise the times 
between the respective terminal devices 104. 

Thus, the reference time signal synchronizing with UTC is 
obtained by use of the GPS 101 with a general -purposed 
characteristic but no restriction in terms of the utilizing place, 
and transmitted to each of the distributed control oriented 
terminal devices through the optical signal transmitting paths, 
e.g., the optical cables, whereby the time signal transmission 
system exhibiting an excellent anti-noise characteristic can be 
configured. Further, the time signal distributor 103 is capable 
of broadcasting the signals to the plurality of terminal devices, 
thereby attaining a simplified system having excellency in an 
economical characteristic and making it feasible to execute a 
highly accurate time synchronizing process. 

The time signal distributor 103 synthesizes the UTC 
synchronization reference signal 201 and the UTC synchronization 
absolute time signal 202 transmitted from GPS 101, and the 
synthesized signal is transmitted with a fixed period to each 
terminal device via one single signal line. The simplified 
signal line architecture can enhance the economical 
characteristic, and a load on the transmission process can be 
relieved . 

Next, a contrivance for easily taking the time 
synchronization on the unit of milli second will be explained. 
The reference time signal 204 received by each terminal device 
104 is demultiplexed into the synchronization reference signal 

302 and the absolute time signal 303. The absolute time signal 

303 is used directly as a serial time signal 307 of each terminal 



device 104. Further, a milli second time signal 306 that does 
not exist in the absolute time signal 303 is, as shown in FIG. 
5, created by a time counter 404 for counting by output pulses 
of the reference clock 403 for performing the frequency-division 
count with the quartz oscillator 402 serving as the oscillation 
source, and he count value of the internal clock counter 405 with 
the time counter 404 serving as a reset source, is matched with 
external clock counter 401 reset at a receipt timing. 

Matching the internal clock counter 405 with the external 
clock counter 401 involves adjusting the tijne counter 404 as the 
reset source of the counter. Hence, the count value of the time 
counter 404 synchronized with the external clock counter 401 is 
use as a milli second time signal 306, whereby the milli second 
time that does not incorporated into the absolute time signal 
303 transmitted from the GPS receiver 102, can be synchronized. 

According to this embodiment, the time signal on the order 
of second or larger, i.e., the much finer time signal, herein, 
the time signal on the order of milli second which is not contained 
in the reference signal from the GPS 101, can be easily 
synchronized with the time signal of the GPS 101 by matching the 
internal clock precisely with the reference clock synchronizing 
with the UTC, using the absolute time signal given from the time 
signal distributor 103. 

For instantaneously taking the time synchronism, the count 
value simultaneous comparing unit 406 compares the count value 
of the internal clock counter 405 with the count value of the 
external clock counter 401 of each terminal device 104, and the 
count value error judging unit 407 obtains the error between those 
count values. Depending on the magnitude of the error, the 
execution of the correction process is switched to the rough 
adjustment of the internal clock counter rough adjusting unit 
408 or to the fine adjustment of the internal clock counter fine 
adjusting unit 409. With this processing, the time needed for 
establishing the time synchronization can be minimized 
corresponding to the time difference. If the error between the 
count values is large, the milli second time signal 306 can be 
subjected to the time synchronization as approximate as UTC in 
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the process of the internal clock counter rough adjusting unit 
408 . If the error between the count value is small , a count timing 
of the time counter 404 can be fluctuated by changing minutely 
the output pulse width of the reference clock 403 provided at 
an input stage of the time counter 404 used for the milli second 
time signal 306 in the fine adjusting process of the internal 
clock counter fine adjusting unit 409 . Then, the synchronization 
accuracy can be enhanced without changing the value itself of 
the milli second time signal 306. 

According to this embodiment , even if a width of deviation 
from the reference clock is by far larger than at a rise of 
processing of the time synchronizing system, the time synchronism 
can be momentarily taken, and a time reliability of the of each 
terminal device can be enhanced. 

Next, a process corresponding to a case where the time 
signal can not be obtained from the GPS 101 or the GPS receiver 
102, will be explained. If the time signal distributor 103 
becomes unable to receive the UTC synchronization reference 
signal 201 and the UTC synchronization absolute time signal 202 
from the GPS 101 or the GPS receiver 102, the signal synthesizing 
unit 203 synthesizes the internal reference signal 503 and the 
internal absolute time signal 505 created based on the output 
of the internal quarts oscillator 501, thereby generating the 
reference time signal 204 . Then, the reference time signals 204 
are transmitted in distribution to the respective terminal 
devices 104. 

According to this embodiment, even if impossible of 
receiving the time signal from the GPS 101 or the GPS receiver 
102 due to some sort of fault, the time signal distributor 103 
can broadcast the internal time synchronized with the GPS 101 
to all he terminal devices 1041 - 104n. The reliability for 
ensuring the time synchronization between the terminal devices 
can be thereby enhanced. 

Note that the signal synthesizing unit 203 , when generating 
the reference time signal 301 by synthesizing the internal 
reference signal 503 and the internal absolute time signal 505, 
transmits in distribution the internal reference signal 503 as 
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the substitute for the UTC synchronization reference signal 201 
and the internal absolute time signal 505 to the respective 
terminal devices 104 at a timing indicated by the reference time 
signal 204 so that the signals 503 and 505 are not overlapped 
in time. 

According to this embodiment, it is feasible to prevent 
the reference time signal used as the time synchronization signal 
between the terminal devices from being recognized as an error 
signal in the terminal devices 104 due to a signal overlap. Hence, 
the time synchronization between the terminal devices is ensured, 
and the reliability thereof is enhanced. 

If unable to take in the reference time signal 204 from 
the time signal distributor 103, each of the terminal devices 
1041 - 104n continues a time signal process by use of the internal 
clock counter 405. 

According to this embodiment, even if each terminal device 
is incapable of receiving the reference time signal 204 from the 
time signal distributor 103 due to some sort of fault, the internal 
time signal 308 synchronized with the reference time signal in 
each of the terminal devices 104 is used, thereby making it 
feasible to ensure the time synchronization between the terminal 
devices and to attain the enhancement of the reliability. 

As discussed above, according to the present invention, 
even when a time resolution with the accuracy as high as 1 ms 
or smaller is required, the GPS capable of obtaining the absolute 
time exhibiting the accuracy of ±l/zs anywhere on the earth is 
used, thereby making it possible to provide the time 
synchronization method and system exhibiting the good economical 
characteristic at the high accuracy and the high reliability in 
a way of ensuring the information transmission efficiency without 
being aware of the time synchronization. 



